The theory of active absorption of a perforated plate is considered in this paper. The perforated plate is the material of active absorption and the frequency of the incident sound wave is measured. According to this frequency the depth of the cavity between the perforated plate and the rigid wall, is moved in order that resonance occurs so that the absorption coefficient is maximal. According to the numerical calculation, when the perforated plate is resonant, the distance moved is large at low frequencies and the absorption coefficient is low in some conditions. It is effective for a single frequency of incident sound wave, yet it is difficult for a wide frequency range. Hence active absorption based on airflow is considered and calculations and experiments an carried out. The results denote that this method of active absorption is practical.
INTRODUCTION
Sound absorbing liners have been widely applied to duct walls of modern aircraft turbofan engines to reduce the internally generated engine noise. Various approaches aimed at optimizing acoustic design have been developed to achievc the high noise reductions required by ever more stringent noise regulations [1] . However, for any given lining configuration, optimal noise attenuation can only be realized for a limited frequency range. Once the source condition changes, the optimal condition corresponding to higher insertion loss cannot be satisfied. In fact, aircraft engines operate in different states, such as takeoff, flyover and landing, which correspond to different acoustic source conditions [2] . Therefore, how to design a lining configuration that maintains high noise attenuation in all conditions has long been an important concern [3] [4] [5] . In this paper, the theory of active absorption of the perforated plate is posed. The perforated plate is the material of active absorption. The frequency of incident sound wave is measured and, according to this frequency the depth of the cavity between the perforated plate and the rigid wall is moved in order that resonance occurs so that the absorption coefficient is maximal. According to the calculation, when the perforated plate is resonant, the distance is large at low frequencies and the absorption coefficient is low in some conditions. It is effective for a single frequency of incident sound wave, yet it is difficult for a wide frequency range, so hence active absorption based on airflow is considered and the calculations and experiments are carried out. The results denote that this method of active absorption is practical.
ACTIVE ABSORPTION BY CHANGING THE DEPTH OF THE CAVITY BETWEEN THE PERFORATED PLATE AND THE RIGID WALL
A perforated plate with thickness t is arranged in a pipe and a rigid wall that can move is placed behind the perforated plate at a distance D. The arrangement is shown in Fig.1 : The electrial analogue of Fig.1 (a) is shown in fig.2 . In Fig.2 
The absorption coefficient of the perforated plate is [6] ,
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In equations (2)~ (7), t is the thickness of the perforated plate (mm), D is the depth of the cavity (mm), d is the hole diameter (mm), f is the frequency of the incident sound wave (kHz) ω is the regular frequency, p is the porosity. According to equation (2), when the depth D of the cavity is changed, the absorption is changed correspondingly. The resonant frequency f rs of the perforated plate with a single hole is, (8) where l k is the valid length of the hole neck of the perforated plate, ,
V is the volume of the cavity, S is the transverse section, When the hole in the perforated plate is not single, the resonant frequency f r is,
According to equation (9), the relation between the resonant frequency and the depth of the cavity is:
If the thickness t is 2mm, hole diameter d is lmm, 2mm, 3mm, hole pitch b is 8mm, according to equation (12) , the relation between the resonant frequency and the depth of the cavity is shown in Fig.3 .
According to equation (12) , when the depth of the cavity D is changed, the resonant frequency of the perforated plate is changed correspondingly. If the resonant frequency is equal to the frequency of the incident sound wave, the absorption
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Zhu Congyun, Huang Qibai, Zhao Ming and Wang Yong coefficient is maximal, which is the principle of active absorption based on the perforated plate. If the thickness t is 2mm, hole diameter d is lmm, hole pitch b is 8mm, according to equations (2)~(7) and equation (12) , the relation between the absorption coefficient and the frequency of the incident sound wave is shown in Fig.4 .
According to the Fig.3 , when the perforated plate is resonant, the distance moved is large at low frequencies and the absorption coefficient is low in some conditions. It is effective for single frequency of incident sound wave, yet it is difficult for a wide frequency range so the active absorption based on airflow is considered.
PRINCIPLE OF ACTIVE ABSORPTION BASED ON AIRFLOW
The arrangement of active absorption of perforated plate based on airflow is shown in Fig.5: Active Absorption of Perforated Plate Based on Airflow JOURNAL OF LOW FREQUENCY NOISE, VIBRATION AND ACTIVE CONTROL 174 Fig.3 the relation between the depth of the cavity and the resonant frequency 
Movable rigid wall
In Fig.5 , there is a movable rigid wall in the back of the perforated plate. When the rigid wall is moved in order that the resonant frequency of the perforated plate is equal to the frequency of the incident sound wave, the air flows into the cavity, which is the principle of active absorption based on airflow. When there is airflow, the Rayleigh conductivity K of the aperture can be calculated:
Thus, the acoustic impedance of the aperture is (14) where y and δ are functions of the Strouhal number Sr. The Strouhal number can be expressed as follows: (15) where M is the Mach number of the mean flow in an aperture and δ and y can be expressed as follows:
The reflection coefficient R of the perforated plate is [7] (19)
The parameters in the above equations are same as the parameters in Fig.1 If the thickness t is 2mm, hole diameter d is 2mm, hole pitch b is 8mm, according to Fig.5 , when the frequency of the incident sound wave is 500Hz, the depth of the cavity D is 120mm. The relation between the velocity of the airflow and the theoretical absorption coefficient is shown in Fig.6 . According to Fig.6 , when the velocity of airflow is 1.7m/s, the absorption coefficient is maximal. Fig.6 The relation between the velocity of airflow and the theoretical absorption coefficient
For the same perforated plate, when the frequency of the incident sound wave is 1000Hz, the depth of the cavity D is 40mm. The relation between the velocity of the airflow and the theoretical absorption coefficient is shown in Fig7. According to Fig. 7 , when the velocity of airflow is 2.9m/s, the absorption coefficient is maximal. Fig.7 The relation between the velocity of airflow and the theoretical absorption coefficient Fig.8 The relation between the velocity of airflow and the theoretical absorption coefficient
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For the same perforated plate, when the frequency of the incident sound wave is 1500Hz, the depth of the cavity D is 20mm. The relation between the velocity of airflow and the theoretical absorption coefficient is shown in Fig.8 . According to Fig.8 , when the velocity of airflow is 3.9m/s, the absorption coefficient is maximal.
For the same perforated plate, when the frequency of the incident sound wave is 2000Hz, the depth of the cavity D is 10mm. The relation between the velocity of airflow and the theoretical absorption coefficient is shown in Fig.9 . According to Fig.9 , when the velocity of airflow is 5.1m/s, the absorption coefficient is maximal. Fig.9 The relation between the velocity of airflow and the theoretical absorption coefficient
According to the Figs.6-9, when the perforated plate is resonant at different frequencies, the relation between the theoretical velocity of airflow and the frequency of the incident sound wave is shown in Fig. 10 : Fig.10 The relation between the theoretical velocity of airflow and the frequency of the incident sound wave
EXPERIMENT ON ACTIVE ABSORPTION BASED ON AIRFLOW
The experimental arrangement is shown in Fig.11 [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] If the thickness t is 2mm, hole diameter d is lmm, hole pitch b is 8mm, the contrast between the resonant absorption coefficient and the absorption coefficient with airflow is shown in Fig.12 : If the thickness t is 2mm, hole diameter d is 2mm, hole pitch b is 8mm, the contrast between the resonant absorption coefficient and the absorption coefficient with airflow is shown in Fig.13 : If the thickness t is 2mm, hole diameter d is 3mm, hole pitch b is 8mm, the contrast between the resonant absorption coefficient and the absorption coefficient with airflow is shown in Fig. 14: According to Figs.12-14, the numerical resonant absorption coefficient is low, but when there is airflow in the cavity in the condition of resonance, the numerical and experimental absorption coefficient approaches to 1.0.
Fig.11
The experimental arrangement Fig.12 The contrast between the resonant absorption coefficient and the absorption coefficient with airflow Fig.13 Comparison between the resonant absorption coefficient and the absorption coefficient with airflow
CONCLUSION
The theory of active absorption of a perforated plate is consident in this paper. The perforated plate is the material of active absorption and the frequency of the incident sound wave is measured The depth of the cavity between the perforated plate 
